Abstract. The aim of this study was to examine whether active metabolites of phytoestrogens (equol and para-ethyl-phenol) inhibit sensitivity of bovine corpus luteum (CL) to luteinizing hormone (LH) and to auto/paracrine luteotropic factors (prostaglandin E2-PGE2 and prostaglandin F2α-PGF2α), and whether they influence pulsatile progesterone (P4) secretion by the bovine CL. In in vivo experiments, high levels of equol and para-ethyl-phenol were found in plasma and in the CL tissue of heifers and cows fed a soy bean diet (2.5 kg/animal/day), along with lower concentrations of P4 (P<0.05). Both Prostaglandins (PG) and LH strongly stimulated P4 secretion in cultured pieces of CL that were collected from cows fed a standard diet (P<0.01). There was no effect of PGs and LH on P4 stimulation in CLs obtained from cows fed a diet rich in soy bean. Finally, we examined whether active metabolites of phytoestrogens participated in regulation of pulsatile P4 secretion and LH-stimulated P4 secretion in vitro using a microdialysis system. Equol and para-ethyl-phenol had no effect on basic and pulsatile P4 secretion in CLs during 240 min of perfusion when compared to the control (P<0.05). However, they inhibited LH-stimulated P4 secretion (P<0.05). Phytoestrogens and their metabolites may disrupt CL function by inhibiting PG-and LH-stimulated P4 secretion. Key words: Phytoestrogens, Luteinizing hormone, Progesterone, Corpus luteum, Estrous cycle (J. Reprod. Dev. 52: [33][34][35][36][37][38][39][40][41] 2006) he corpus luteum (CL) is a reproductive gland that plays a role in regulation of the estrous cycle, fertility, and pregnancy [1] . The main function of the CL is secretion of progesterone (P 4 ), an important hormone for establishment of a successful pregnancy [2] . P 4 is secreted episodically from the bovine CL [3] , and luteinizing hormone (LH) is one of the most potent regulators of synthesis and P 4 secretion from the bovine CL [4].
roles as important regulators of bovine CL function [9] .
Phytoestrogens are nonsteroidal, plant-delivered compounds of natural origin that structurally or functionally mimic estrogen action [13] . As agonists and/or antagonists of endogenous estrogens, phytoestrogens may induce various pathologies in the female reproductive tract including disorders in the function of the ovary, oviduct, and uterus [14] . We recently showed that phytoestrogens present in soy beans (genistein and daidzein) and their active metabolites (equol and para-ethyl-phenol; respectively) decrease fertility in cows [15] . In rats, phytoestrogens inhibit hypophyseal LH secretion and action [16] , which leads to disorders in ovarian function and may disturb ovulation and the estrous cycle. However, the direct effect of phytoestrogens on bovine CL function has not been studied yet. Therefore, in the present study we examined whether the active metabolites of phytoestrogens directly regulate P 4 secretion in vivo and in vitro and whether they inhibit the sensitivity of the bovine CL to LH and other luteotropic factors. Furthermore, we suspected that phytoestrogens have an influence on pulsatile P 4 secretion by the bovine CL.
Materials and Methods

Estrus synchronization
Normally cycling Holstein/Polish black and white (75% and 25%, respectively) heifers (n=10) and cows (n=12) were used for the present study. Two to three weeks after weighing and choosing the animals for the experiments, estrus was synchronized using implants of progesterone analogue (Crestar; Intervet, Boxmeer, Holland) as described previously [17] . All experimental procedures concerning live animals were approved by the Local Animal Care and Use Committee (agreement No. 4/2001/N).
CL collection (surgical procedures)
CLs for tissue culture, the microdialysis system, and HPLC analysis were collected on Day 8 of the subsequent estrous cycle from cows fed a standard (n=4) and rich soy bean diet (n=4) through colpotomy as described previously [18] . The CLs were collected two hours after feeding. For CL collection, cows were treated with 5.0 ml of a 2% lidocaine hydrochloride solution (Lidocaine; Butler, Columbus, OH) via an epidural injection to achieve a local plane of anesthesia. An incision was made through the anterior vaginal wall and the CL was extirpated manually from the ovary. The CL was divided into two parts. Part of the tissue was placed immediately on ice and transported to the laboratory. The remaining part of the CL was immediately frozen in liquid nitrogen for analysis of P 4 , phytoestrogen and their metabolites. Moreover, biopsies were taken of the muscles and fat from the tail portion, and the tissues were immediately frozen in liquid nitrogen for phytoestrogen metabolite analyses using HPLC.
CL tissue culture
CLs from experimental animals were washed 3 times in sterile saline containing 100 IU/ml penicillin and 100 µg/ml streptomycin. The tissues were cut into small pieces (approximately 20-30 mg) with a scalpel and subsequently washed in sterile saline. Individual CL tissues were placed in culture glass tubes (12 × 75 mm) containing 3 ml of culture medium (Dulbecco's Modified Eagle's Medium and Ham's F-12 medium 1:1 [v:v]; Sigma C h e m i c a l C o . , S t . L o u i s , M O ; # D 8 9 0 0 ) supplemented with 0.1% BSA (Boehringer Mannheim GmbH, Mannheim, Germany; #735078), 100 IU/ml penicillin, and 100 µg/ml streptomycin.
The tissues were incubated in a shaking water bath at 37.5 C continuously in 5% CO2 and air during incubation. After 24 h incubation, the conditioned media were collected in 1.5 ml tubes with 10 µl EDTA and 1% aspirin (Sigma; #A2093) solution (pH 7.3), and frozen at -30 C until measurement of P 4 . The tissues were blotted with filter paper and w e i g h e d . T h e t i s s u e w e i g h t w a s u s e d t o standardize results.
Microdialysis of CL in vitro
For the microdialysis system (MDS), each CL from the experimental animals was cut into 3 equal pieces (as necessary for the design of Experiment 3) vertically through the face of the apex. After that, each luteal piece was penetrated by a dialysis capillary 8-10 mm long (Fresenius SPS 900 Hollow Fibres; Fresenius AG, St. Wendel, FRG; M r cutoff 1000 kDa; external diameter 0.5µm, internal diameter 0.34 µm) and each end of the cannula was gluted to Silastic tubings. For perfusion, one end of the tube was connected to a peristaltic pump and the other one was joined to the fraction collector. The prepared luteal pieces were maintained in organ culture chambers (modified 2070 Tube; Falcon, Los Angeles, CA) filled with 40 ml of culture medium supplemented with 0.1% BSA (Boehringer Mannheim), and 20 µg/ml gentamycin at 38 C in a water bath. During incubation, the luteal pieces were perfused with Ringer's solution at a flow rate of 1 ml/10 min for up to 8 h. These conditions were required to produce a pulsatile P 4 release and LH stimulation response [19] .
Determination of phytoestrogen metabolites in bovine plasma and tissue
T h e p l a s m a c o n c e n t r a t i o n o f t h e a c t i v e metabolites of the phytoestrogens were measured using the HPLC method described previously [15] . Equol and para-ethyl-phenol were determined after enzymatic hydrolysis of their conjugates and extraction from blood plasma. Briefly, 50 µl of plasma was mixed with 50 µl of sodium acetate buffer containing H-5 type sulfatase (enzyme preparation from Sigma containing 500 U of β-glucuronidase and 25 U of sulfatase). The mixture was incubated at 37 C in a shaking water bath for 1 h. Next, to stop the hydrolysis and to extract the phytoestrogens, 900 µl of methanol/acetic acid (95/ 5 v/v) was added. The released metabolites were extracted at room temperature by vortexing the mixture for 30 s, sonication for 30 s, vortexing again for 30 s, and centrifuging for 5 min at 4 C and 12000 × g. The supernatant containing compounds of interest was diluted 1:1 with 100 mmol/l of lithium acetate, centrifuged for 2 min at 4 C and 12000 × g, and then 20 µl was injected onto a HPLC column (TSKgel ODS-80TS, 5 µm, 150 × 4.6 mm, TOSOH, Tokyo, Japan).
For determination of phytoestrogens in the collected tissues, each 110 mg of excised tissue (CL, fat and muscles) was mixed with 1.1 ml of 0.2 M sodium acetate buffer containing 10 mM of ascorbic acid and homogenized (Ultra-Turrax T-25, JankeKunkel, Germany) in an water bath. After homogenization, 3 ml of methanol was added per 1 ml of homogenate, and the resulting suspension was sonicated at room temperature for 10 min. An al iquot equivalent to 25 mg of tissue was transferred to another glass tube, mixed with 1.8 ml of 0.2 M sodium acetate buffer containing type H-5 sulfatase (enzyme preparation from Sigma contained 500 U of β-glucuronidase and 25 U of sulfatase) and buffer was added until the volume was 3 ml. The mixture was incubated at 37 C in a shaking water bath for 1 h and centrifuged at 12 000 × g and 4 C for 10 min. Phytoestrogens were isolated on a Bakerbond SPE C18 column (500 mg) previously activated by sequential washing with methanol, water, and 0.2 M sodium acetate buffer. The supernatant (2.5 ml) was loaded onto the SPE column and washed with 2 ml of buffer and 4 ml of 10% methanol in buffer (v/v). Phytoestrogens were eluted with 2 ml of methanol/acetic acid (95/ 5, v/v) of which 20 µl was prepared for injection on to the HPLC column. Experiments with specimens spiked w ith soy phytoestrogens and their metabolites revealed a recovery rate from the tissues of 78%, 71%, 74%, and 83% for para-ethylp h e n o l , e q u o l , d a i d z e i n , a n d g e n i s t e i n , r e s p e c t i v e l y .
R e c o v e r y f o r a l l t e s t e d phytoestrogens from plasma was above 92%. The accuracy of phytoestrogen determination in the plasma was ± 0.02 µM, and in the tissues was ± 1.5 nmol/1g.
For the phytoestrogen concentration, both in the plasma and tissues, the mobile phase flow, composed of water/methanol/acetic acid (60:38:2, v/v/v) containing 50 mmol/l of lithium acetate, was 0.8 ml/min. Elution was monitored with an amperometric detector (ICA-3062, TOA, Tokyo, Japan) with its working potential set at + 850 mV.
Hormone determination P 4 concentrations in the plasma and medium were assayed using a direct enzyme immunoassay (EIA) as described previously [17] . Concentrations of this steroid in the CL tissue was analyzed after homogenization and extraction by methyl ether (coefficient of extraction=82.7%) as described previously [21] . The P 4 standard curve ranged from 0.39 pg/ml to 25 ng/ml and the effective dose for 50% inhibition (ID50) of the assay was 2.85 ng/ml. The intra-and inter-assay coefficients of variation averaged 6.6% and 8.4%, respectively.
Experiment 1
I n E x p e r i m e n t 1 , t h e c o n c e n t r a t i o n s o f phytoestrogen active metabolites (equol and paraethyl-phenol) and P 4 were measured during the estrous cycle in the blood of heifers fed a standard and a soy diet. Two weeks after weighing and choosing the animals for the experiment, estrus was synchronized using implants of a progesterone analogue (Crestar; Intervet, Boxmeer, Holland) as described previously [17] . After removal of the Crestar implants, the heifers were divided into two groups: group 1 was heifers that received a standard diet without soy bean (n=5) and group 2 received a diet rich in soy bean (2.5kg/animal/day, n=5), as described previously [15] .
Group 1: standard diet (n=5): Heifers were fed 1.6 kg of bruised sunflower grain, 1.6 kg of wheat bran, 4.5 kg of bruised rye, 0.6 kg of dry beet pulp, 40 kg of silage from maize, 2 kg of hay, 200 g/ animal of premix SANO 2050 lascan TOP, and 100 g/animal of minerals and vitamins.
Group 2: diet with soy bean (n=5): Heifers were routinely fed 2.5 kg of bruised soy (Provimi Polska Sp. z.o.o-Central Soya, Olsztynek, Poland), 1.5 kg of bruised rape seed, 5 kg of bruised wheat grain, 0.6 kg of beet pulp and treacle, 40 kg of silage from maize and grass, 2 kg of hay, 200 g/animal of premix SANO 2050 lascan TOP, and 100 g/animal of minerals and vitamins.
Before the experiment, all animals were fed a standard diet that is used routinely on animal farms. According to our previous paper [15] , the total phytoestrogen content of the fodder used to feed animals from group 1 was less than 300 µg/g. These phytoestrogens consisted mainly of daidzein and genistein glucosides. The same phytoestrogens were found in the fodder used to feed cows from group 2, but the total phytoestrogen content was approximately 1900 µg/g. Blood samples were taken via puncture of the jugular vein on days 0, 3, 6, 9, 12, 15, and 21 of the estrous cycle. Blood samples were collected on the chosen days two hours after feeding the animals. Blood plasma was separated by centrifugation (2000 × g, 10 min, 4 C) and stored at -20 C until determination of P4 by EIA. The concentrations of free and conjugated phytoestrogen metabolites in the plasma were determined by HPLC.
Experiment 2
I n E x p e r i m e n t 2 , t h e c o n c e n t r a t i o n s o f phytoestrogen active metabolites (equol and paraethyl-phenol) and P 4 were measured in CL tissue, muscles, and fat of cows fed a standard and soy diet. Moreover, we tested whether phytoestrogen active metabolites present in soy bean inhibit sensitivity of the bovine CL to LH and other luteotropic factors.
Cows were fed a standard diet without soy bean (n=4) and a diet rich in soy bean (2.5 kg/animal/ day, n=4), as detailed in Experiment 1. CLs were obtained on Day 8 of the estrous cycle by colpotomy for analysis of the equol, para-ethylphenol, and P4 concentrations in the CL tissue and for CL tissue incubation. For CL incubation, the tissue was cut into small pieces (50 mg) and individual CL tissues were placed into culture medium and pre-incubated in a shaking water bath at 37.5 C for 1 h. After preincubation, the individual CL tissues were stimulated with saline (control), LH (100 ng/ml), PGE 2 (10 -6 M), and PGF 2α (10 -6 M). The P 4 level was measured by EIA in the medium after 18 h of stimulation.
Experiment 3
The aim of experiment 3 was to examine whether of phytoestrogen active metabolites regulate pulsatile and LH-stimulated P 4 secretion in vitro.
CLs were collected by colpotomy from cows fed a standard diet (n=4). Each CL was cut into 3 pieces, and a dialysis capillary was inserted into each part of the CL. Before the proper experimental period, the samples were perfused with saline for 1 h (preincubation and stabilization period). [20] in the plasma of cows fed a moderately estrogenic silage. For the last hour of the study, the CLs in saline, equol, and para-ethyl-phenol treatment groups were perfused with LH (100 ng/ml). Fractions of the perfusate w e r e c o l l e c t e d e v e r y 1 0 m i n o v e r a 5 -h experimental period and stored at -30 C until assayed for P 4 by EIA.
Statistical analysis
All data are presented as the means ± SEM. The analyses of plasma concentrations of P4 and phytoestrogen metabolites were performed using a repeated measure design approach with treatments (diet) and time of sample collection (days of the estrous cycle) being fixed effects and with all interactions included. All analyses were done using repeated measures ANOVA tests followed by Bonferroni's Multiple Comparison Test (GraphPAD PRISM; GraphPad Software version 4, San Diego, CA, USA; p<0.05 was considered significant). Four separate in vitro experiments were performed in triplicate. Tissue weight was used to standardize the results. The baseline and pulses of P4 secretion during microdialysis of CLs (Experiment 3) were calculated using curves and regression analyzes in the GraphPad PRISM software. The statistical significance of differences between the control and treated groups in all the in vitro experiments was assessed by one-way analysis of variance (ANOVA) followed by Bonferroni's Multiple Comparison Test (GraphPad PRISM).
Results
Experiment 1. Effect of soy bean diet on plasma equol, para-ethyl-phenol, and progesterone concentration
As shown in Fig. 1 , equol and para-ethyl-phenol were found in high concentrations in the plasma of soy bean-fed heifers (P<0.001). In contrast, the levels of these metabolites in the plasma of heifers fed a standard diet were almost undetectable. The equol concentration in the plasma of heifers fed soy bean increased from the Day 0 to 3 of the estrous cycle, with the highest concentration (1.28 ± 0.10 µM) on Day 3. The concentration of para-ethylphenol reached a peak (6.24 ± 0.30 µM) in the same group of heifers on Day 3 of the estrous cycle and then declined significantly.
The P 4 concentration in both of the examined groups of heifers increased from the Day 0 to 12 of the estrous cycle, with the highest concentration on Day 12 (Fig. 1c) . Starting on Day 12 of the estrous cycle the concentrations of P 4 in soy bean-fed animals were lower than in animals fed the standard diet (P<0.05). However, there were no differences in the length of the estrous cycle between heifers fed the standard diet and soy beanfed heifers (22.3 ± 0.8 days of the estrous cycle and 21.9 ± 0. 7 days, respectively; P>0.05).
Experiment 2. Phytoestrogens metabolites and P 4 concentrations in CLs, muscle, and fat tissues
As shown in Fig. 2 , equol and para-ethyl-phenol were detected in the intact tissues of CLs collected on Day 8 of the estrous cycle from cows fed with soy bean (4.6 ± 2.6 nmol/g tissue and 44 ± 10 nmol/ g tissue; respectively). The concentration of paraethyl-phenol (6 ± 1 nmol/g tissue) in the CL tissue from cows fed the standard diet was significantly lower than in the CL tissue from cows fed the soy d i e t ( P < 0 .0 5 ) , w h i l e eq u o l w a s b e l o w t h e quantification level. Para-ethyl-phenol was also found in muscle tissues. However, its concentration was two-times lower (3 ± 1 nmol/g tissue) than in the CLs (P<0.05). No concentration of phytoestrogen metabolites was found in the fat progesterone (c) in the peripheral blood plasma of heifers fed a soy diet (black dots; 2.5 kg soy-bean/ animal/day) and a standard diet (grey bars) during the estrous cycle. All values are expressed as the mean ± SEM of equol, para-ethyl-phenol, and P4 concentrations. Different superscript letters and asterisks indicate significant differences between animals fed the standard and soy bean diets ( a,b,* ; P<0.05), as determined by one-way ANOVA followed by Bonfferoni's multiple comparison test, (n=5).
tissue. Feeding cows a diet rich in phytoestrogens inhibited basal P4 concentration in CLs compared to CLs obtained from cows fed a standard diet ( Fig.  2c; P<0 .05).
Effect of phytoestrogens on the sensitivity of bovine CLs to LH and other luteotropic factors
LH, PGE2, and PGF2α strongly stimulated P4 secretion in the cultured slices of CLs collected from cows fed the standard diet in comparison to the control (P<0.01; Fig 3) . In CLs collected from cows fed soy bean, all examined luteotropic factors did not affect P4 secretion (P>0.05).
Experiment 3. Influence of phytoestrogens on pulsatile P 4 secretion and LH-stimulated P 4 secretion in microdialyzed in vitro bovine CL
During perfusion with saline, P 4 was secreted in a pulsatile manner (2.0 ± 0.57 of P4 peaks during 4 h). Equol and para-ethyl-phenol did not affect on basic or pulsatile P 4 secretion in the CLs during 240 min of perfusion in comparison to the saline treated group (P>0.05; Fig. 4 ). There were no differences in number of P 4 peaks between the CLs in the saline treated group (2.0 ± 0.57) and those perfused with equol (2.3 ± 0.88) and para-ethyl-phenol (2.33 ± 0.66) during 4 h of experiments (P>0.05). LH stimulated P4 secretion in CLs perfused with saline (P<0.01; Fig. 4 ). Equol and para-ethyl-phenol inhibited LH-stimulated P 4 secretion in comparison to the saline treated group (P<0.05). , and progesterone (c) in the corpus luteum tissue of cows fed a soy diet (grey bars; 2.5 kg soy-bean/animal/day) or a standard diet (white bars). Corpora lutea were collected by colpotomy on Day 8 of the estrous cycle. All values are expressed as the mean ± SEM of equol, para-ethyl-phenol, and P4 concentrations. Different letters indicate significant differences between animals fed the standard and soy bean diets (a, b; P<0.05), as determined by one-way ANOVA followed by Bonfferoni's multiple comparison test, (n=4). Fig. 3 . The effect of soy bean diet on the LH-, PGE2-, and PGF2α-stimulated in vitro progesterone secretion by the bovine CL. Corpora lutea were collected by colpotomy from cows fed a soy diet (grey bars; 2.5 kg soy-bean/animal/day) or a standard diet (white bars) on Day 8 of the estrous cycle. After 1 h of preincubation, CL tissues were exposed to LH (100 ng/ ml), PGE2 (10 -6 M), or PGF2α (10 -6 M) for 18 h. All values are expressed as the mean ± SEM of the progesterone concentrations. Different letters indicate significant differences between animals fed the standard and soy bean diets (a, b, A; P<0.05), as determined by one-way ANOVA followed by Bonfferoni's multiple comparison test, (n=4).
Discussion
In the present study, we found significant concentrations of phytoestrogen active metabolites in the CL tissue of heifers that received the soy diet, not only in the plasma. In contrast, significantly lower concentrations of phytoestrogen metabolites were detected in the CLs and plasma of heifers fed the standard diet. These data suggest that if cows are continuously exposed to a diet that includes soy bean, phytoestrogen active metabolites may act chronically and locally on the reproductive tract. Our results are in agreement with previous results [13, 15] that showed that significant plasma concentrations of phytoestrogens and their metabolites can be considered as exogenous factors influencing the reproductive function in cattle. The high soy diet significantly decreased the rate of successful pregnancy and increased the mean i n s e m i n a t i o n r a t e [ 1 5 ] . M o r e o v e r , h i g h concentrations of estrogenic substances on the day of insemination and during early pregnancy can be associated with early embronic loss [22] . It has been shown that phytoestrogens and their active metabolites disrupt the ratio of PGE2 to PGF2α, which leads to non-physiological production of luteolytic agents in cattle during the estrous cycle and pregnancy [15] . Therefore, phytoestrogendependent inhibition of the PGE 2 to PGF 2α ratio might be the reason for the early embryo mortality that occurs in cows fed a high soy diet. [15] . Our study also confirmed previous data [9] that E 2 stimulates PGF 2α secretion from mid-luteal cells without P4 secretion. It is generally accepted that the CL produces the P 4 required for establishment and maintenance of pregnancy [2] . Therefore, phytoestrogen active metabolites inhibiting P4 secretion may disrupt CL function and may induce various disturbances during early pregnancy, including early embryo mortality [22] . Moreover, our study confirmed previous data showed that endogenous E 2 stimulates PGF 2α secretion from mid-luteal cells [9] . Thus, estrogen-dependent stimulation of PGF 2α output may additionally disrupt the ratio of luteotropic PGE2 to luteolytic PGF 2 α in the CL and induce local luteolytic processes. However, this feeding study may include various issues in soy-rich feeding, such as nutritional imbalance and dietary intake of phytochemicals other than phytoestrogens, in addition to isoflavones and their metabolites.
Close temporal and functional concordance between pituitary LH secretion and P 4 release from the CL has been observed in various species [2] . Pituitary LH and luteal and/or ovarian PGE 2 are known to stimulate P 4 production and output from the bovine CL [1] . Although uterine PGF2α is a luteolytic factor mediating the regression of the bovine CL [23] , luteal PGF 2α plays luteotropic roles as a autocrine/paracrine factor in the bovine CL [5] . Therefore, it was expected that LH, PGE 2 , and also PGF 2α would strongly stimulate P 4 secretion in CL tissues collected from cows fed the standard diet. In contrast, no stimulatory effect of luteotropic factors was observed in the CLs obtained from cows fed the soy bean diet. In microdialyzed in vitro CLs, equol and para-ethyl-phenol inhibited LH-stimulated P 4 secretion in comparison to the saline treated group. Moreover, in the heifers fed soy bean, P4 concentrations were lower starting on Day 12 of the estrous cycle compare to the control g r o u p ( i n v i v o E x p e r i m e n t 1 ) . H o w e v e r , phytoestrogen active metabolites did not influence basal P 4 production in both in vitro experiments. T h e r e f o r e , i t s e e m s t h a t t h e i n f l u e n c e o f phytoestrogens and their active metabolites on P4 secretion is indirect, since it depends on the ability of the phytoestrogens to inhibit LH and PGstimulated P4 production. Our data agrees with p r e v i o u s s t u d i e s t h a t p h yt o e s t r o g e n s c a n significantly inhibit gonadotropin secretion from the pituitary gland [16] , and concomitantly may inhibit its stimulatory action on rat granulosa-luteal cells [24, 25] . Genistein suppressed steroid synthesis (P4 and E2) in a dose-dependent manner and completely inhibited the steroidogenic response to gonadotropins (LH and FSH) and adenyl cyclase stimulator, forskolin [25, 26] . Moreover, it is suggested that the effects of phytoestrogens on the secretory function of steroidogenic cells may be attributed to their direct inhibitory effect on the activity of several enzymes involved in steroidogenesis in human follicles and CLs [27] .
Progesterone is secreted episodically by bovine CLs [3, 28] . Although the temporal pattern of pulsatile P 4 secretion is also well established in cows [28] , the factors regulating episodic P 4 secretion are incompletely defined. Early observations [4, 28] showed that LH and FSH could stimulate pulses of P 4 from the bovine ovary, and a close functional and temporal coupling of the CL function to pituitary LH inputs has been proposed. However, it has been demonstrated in vitro that pulsatile P 4 secretion by bovine CLs is independent of LH influence [3, 29, 30] . This autonomous, episodic P 4 release by CLs is indicative of an intraovarian generating mechanism, which may be regulated by intra-ovarian factors and may be independent of gonadotropin stimulation. Therefore, we thought that estrogenic substances were good candidates to serve as mediators and/or modulators of episodic P 4 output from the bovine CL. However, phytoestrogen metabolites did not affect the pulsatile characteristics of P4 secretion or the number of P 4 pulses.
In summary, the present study demonstrated that phytoestrogens and their active metabolites may disrupt CL function by inhibiting LH-and PGstimulated P 4 secretion. Therefore, feeding a high soy bean diet to cows may be the reason for disorders in the estrous cycle and for several ovarian dysfunctions during early pregnancy. Moreover, it may lead to early embryo mortality.
